Introduction
Soluble polymer semiconductor has attracted growing interest in recent years as a key material for realizing flexible and low-end organic field-effect transistors (OFETs) on plastic substrates. The field-effect mobility of polymer-based OFETs have been improved significantly over the last decade and a high mobility of 0.1 cm 2 /V s has been achieved in OFETs fabricated using regioregular poly(3-hexylthiophene) (P3HT) as the semiconductor [1] . The electrical performances of OFETs are well known to depend strongly on the organic semiconductor/gate insulator interface. It has been reported that the mobility of OFETs using poly(9,9-dioctylfluorene)-co-bi-thiophene (F8T2), which is one of promising semiconductors, is enhanced by modifying the surface of the gate insulator using self-assembled monolayers (SAMs) prior to the deposition of the semiconductor layer [2] . Similar mobility enhancement has been commonly observed in other organic semiconductors such as P3HT [3] and vacuum-deposited pentacene, and control of the surface properties of gate insulators has been recognized as an important technology for improving the OFET performances. It has been expected that the mobility enhancement can be attributed to improvement in the structural ordering of molecules on hydrophobic substrates with a low surface energy. However, a correlation of mobility with the surface energy of gate insulators has not been clarified yet.
In this study, we investigate systematically a correlation between mobility and surface energy in polymer OFETs by using chemically modified gate insulators with various organotrichlorosilane SAMs.
Experiments
Heavily doped silicon wafers with a thermally grown 300-nm-thich SiO 2 layer on the surface were used as substrates. The substrates were cleaned with acetone and isopropanol in an ultrasonic bath and then with a UV/O 3 cleaner. To form the SAMs, the substrates were immersed in the SAM solutions in anhydrous toluene at 60 °C for 1 h. For the SAM, we used various organotrichlorosilanes shown in Fig. 1 . After removing from the solution, the substrates were cleaned with anhydrous toluene in an ultrasonic bath to remove excessive layers and then baked at 150 °C for 1 h. For the FET measurements, top-contact OFETs were fabricated onto the SAM-treated SiO 2 substrates using a regioregular P3HT or a F8T2 as the semiconductors. The semiconductor layers were prepared by spin coating on the SAM surfaces. Then, Au electrode pairs were deposited on top of the semiconductor layers thorough a shadow mask by vacuum evaporation. The channel length and width were 50 µm and 3 mm, respectively. Finally, the fabricated devices were annealed at 100 °C for 1 h in vacuum. For comparison, OFETs were also fabricated on the non-treated and UV/O 3 -cleaned SiO 2 substrates. The electrical properties of fabricated OFETs were performed using source meters at room temperature in a globe box system filled with N 2 atmosphere, whose dew point was held at about -80 °C.
The surface energy of the substrates was determined from contact angle measurements of water, diiodomethane, and n-hexadecane droplets. The surface energy was divided on the basis of the Kitazaki's theory into following three components: dispersion, polar, and hydrogen bond components [4] .
Results and Discussion
Figures 2(a) and 2(b) show the field-effect mobilities of OFETs using F3HT and F8T2 versus the total surface energies and water contact angles of various substrate surfaces, respectively. It can be seen in Fig. 2(a) that although the mobility tends to increase with decreasing total surface energy of substrates in higher and lower energy sides, a clear correlation between mobility and total surface energy is not observed. Interestingly, the mobility shows a clear correlation with the water contact angle on the substrate (Fig. 2(b) ): the mobility monotonically increases with the hydrophobicity of the substrate surface. Such behavior has recently been reported by Veres et al. [3] . Figs. 3(a) and 3(b) that the dispersion component shows a small variation and the total surface energy of the substrate is mainly dominated by its polar component. We find in Fig. 3(c) that the mobility shows a clear correlation with a hydrogen bond component of the surface energy. The hydrogen bond component would reflect the hydroxyl (OH) groups of the SiO 2 surface because the hydrogen bond component of the non-treated SiO 2 surface is significantly increased by the UV/O 3 treatment as shown in Fig.  3(c) . The observed high polar component in the non-treated and UV/O 3 -treated SiO 2 surfaces is likely caused by the polar nature of OH groups, which would lead to increase the wettability of substrate surfaces. Surprisingly, the hydrogen bond component appears in the SiO 2 surfaces modified by shorter SAMs of PTS, PETS, and TTS. This result indicates that the OH groups of SiO 2 surface also influence the surface energy even on SAM-treated SiO 2 surfaces, leading to the decrease of water contact angles of SAM with shorter lengths as shown in Fig. 2(b) . Such decrease in water contact angles has been observed phenomenally in a hexamethyldisilazane (HMDS) and alkytrichlorosilane SAMs with different chain lengths [5] . The role of the surface treatment on mobility is still not entirely clear. However, the obtained results suggest that the structural ordering of polymer semiconductors be very sensitive to the level of water incorporated to organic solvent and/or attached to the substrate surfaces, leading to the increase of structural disorders. 
Conclusions
We investigate systematically a correlation between field-effect mobility and surface energy in OFETs fabricated using P3HT and F8T2 by using chemically modified gate insulators with various self-assembled monolayers (SAMs). The mobility shows close correlations with the hydrogen bond component of surface energy and with water contact angles of substrates. It is found that the hydroxyl groups of SiO 2 surface influence the surface energy even on SAM-treated SiO 2 surfaces. These results suggest that the hydrophobicity of the substrate surfaces play role on the structural ordering of polymers on substrate surfaces. 
